


FOREWORD:

During the Cold War, the United States and Soviet Union amassed vast stockpiles of nuclear weapons as well as plutonium and
highly enriched uranium, the essential materials for nuclear weapons.   Beginning in the mid-1980s, the U.S. and Soviet Union
embarked on a series of formal strategic arms reduction treaties – START I and START II – to increase strategic stability by
limiting and then reducing the number of delivery vehicles that could be used to launch strategic nuclear weapons.

In late 1991, the break-up of the Soviet Union resulted in a significant
degradation in the means of controlling warheads and fissile material.  The loss
or theft of even small amounts of this dangerous nuclear material could enable
rogue states or terrorist organizations to build a nuclear weapon.  In 1993, the
U.S. and Russia embarked on a series of fissile material initiatives to address the
proliferation concern posed by the break-up of the Soviet Union.  The first
such initiative was for the U.S. to purchase 500 metric tons of highly enriched
uranium from dismantled former Soviet nuclear weapons.  A second response
to secure Russian nuclear material from dismantled nuclear weapons was to
provide assistance to construct the Mayak Fissile Material Storage Facility at
Ozersk, Russia.

At the same time, the United States needed to ensure that Russian nuclear weapons were being dismantled and that the
excess fissile materials removed from them was not used again to produce new nuclear weapons.  To this end, at the May
1995 Clinton-Yeltsin Summit, the United States and Russia agreed to negotiate agreements to increase the transparency and
irreversibility of the nuclear arms reduction process.

At the March 1997 Helsinki Summit, Presidents Clinton and Yeltsin reaffirmed their commitment to take further concrete steps to
reduce the nuclear danger and strengthen strategic stability and nuclear security.  Specifically, they agreed that once START II enters
into force, the United States and Russia will immediately commence negotiations on a START III agreement, which will include:

• Measures relating to the transparency of strategic warhead inventories and the destruction of strategic nuclear warheads
and any other jointly agreed technical and organizational measures, to promote the irreversibility of deep reductions
including prevention of a rapid increase in the number of warheads.

Any treaty involving the monitoring of nuclear warheads, nuclear warhead dismantlement, and stockpiles of fissile materials
will have a significant impact on the U.S. Department of Energy (DOE) nuclear weapons complex.  DOE’s highest priority is to
ensure the safety, security, and reliability of the U.S. nuclear weapons stockpile.  Therefore, the U.S., and DOE in particular, will
need to fully evaluate issues associated with implementing such a regime to ensure that it does not adversely impact the U.S.
maintenance of a safe, secure, and reliable stockpile and to ensure that no classified weapons design information is revealed.  

To meet these Presidential requirements, and to comprehensively evaluate the impact of any potential monitoring regime on
the DOE nuclear weapons complex, the DOE has established a Warhead and Fissile Material Transparency Program.  The
Warhead and Fissile Material Transparency Program incorporates a comprehensive strategy to gain an understanding of the
Russian nuclear weapon dismantlement process and to develop transparency measures that could be applied at Russian
nuclear facilities to provide confidence that Russian nuclear weapons are being dismantled and that excess fissile materials
removed from them are not again used in nuclear weapons.  At the same time, the Warhead and Fissile Material Transparency
Program works closely with the DOE Office of Defense Programs to fully evaluate security, cost, and impact issues associated
with potential implementation of a warhead dismantlement monitoring regime at DOE facilities.  This program also works
closely with the Department of Defense (DoD) and the U.S. Interagency.

This Strategic Plan describes DOE’s efforts to develop, evaluate, and implement transparent and irreversible nuclear reductions.
The plan establishes the strategies and schedules needed to complete the major goals of the DOE Warhead and Fissile Material
Transparency Program.  

Rose E. Gottemoeller
Assistant Secretary for Nonproliferation

and National Security
U.S. Department of Energy
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I. INTRODUCTION

The United States and Russian Federation are committed to pursuing
transparent and irreversible reductions in nuclear arms.  While past nuclear
arms control agreements have focused on delivery vehicles and launchers,
monitoring nuclear warheads themselves and the excess fissile materials
removed from dismantled nuclear warheads will be an essential part of
achieving deeper reductions that are more transparent and more difficult to
reverse.  President Clinton and Russian President Yeltsin have agreed that
START III would include, for the first time, transparency measures related to
inventories of strategic warheads and their destruction.  This Strategic Plan
describes the important first steps towards building a transparency regime
for warheads and fissile materials that have already been taken.1 However,
achieving transparency goals for warhead elimination will require an
intensive effort to integrate and extend these initiatives, creating an overall

transparency
architecture that serves
U.S. objectives in arms
reduction,
nonproliferation, and
the maintenance of a
safe, secure, and reliable nuclear weapons stockpile.  

The DOE Warhead and Fissile Material Transparency Program is a
technical program designed to develop the options and tools
policymakers and negotiators will need to build an effective and
durable regime.  The goal is to develop enabling technologies and
procedures that can build confidence in the dismantlement of
nuclear warheads, the non-weapons use of fissile materials, and the
inventories of warheads and fissile materials so that these approaches
are available and ready when needed.  

Specifically, the mission of the Warhead and Fissile Material
Transparency Program is to:

• Comprehensively evaluate the impact of a warhead monitoring regime on
the DOE nuclear weapons complex to ensure that no sensitive weapons
design information is revealed and to ensure that there is no adverse
impact on the U.S. requirement to maintain a safe, secure, and reliable
nuclear weapons stockpile; and,

• Develop and implement technical measures, in cooperation with the
Russians, that can be applied at Russian nuclear weapons facilities to
provide confidence that Russian nuclear weapons are being dismantled
and that excess fissile materials removed from dismantled Russian nuclear
weapons are not used again in nuclear weapons. 

The U.S. and Russian Governments expect to commence START III negotia-
tions as soon as START II is ratified by the Russian Duma and hope to achieve
an early START III agreement.  Therefore, this Strategic Plan describes projects
designed to rapidly develop and assess technologies and procedures that
could be applied at U.S. and Russian facilities to support a START III regime –
including working with Russian weapons experts to develop and assess these
measures.  The plan also includes on-going support of transparency

Figure 1. Clinton-Yeltsin Summit
The United States and Russia agreed to ensure the "trans-
parency and irreversibility of the nuclear weapons reduction
process" at the January 1994 Summit Meeting in Moscow.

-  Photo courtesy of the White House

Figure 3. Rose E. Gottemoeller, Assistant Secretary
for Nonproliferation and National
Security, addresses a Nonproliferation
Technology Conference. 

Figure 2. U.S. Secretary of Energy Richardson and Russian
Minister of Atomic Energy Adamov sign an agreement
on uranium disposition as part of the HEU Purchase
Agreement.
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1 For the purposes of this Strategic Plan, transparency is defined as those measures that provide confidence
that a declared activity is taking place.  



measures for initiatives such as the Highly Enriched Uranium (HEU) Purchase Agreement and the construction of a
secure storage facility for material from dismantled Russian nuclear weapons at Mayak.  Finally, the plan includes
development of additional transparency measures that may be required to support further reductions under arms
control agreements or other initiatives in the future.

Both the United States and Russia have many thousands of nuclear weapons and hundreds of tons of nuclear material
located at numerous facilities and deployment sites.  Currently, the U.S. Government is pursuing a wide-range of
individual initiatives that relate, directly or indirectly, to transparency for warheads and fissile materials, including,
among others:

• Highly Enriched Uranium Transparency

• Mayak Fissile Material Storage Facility Transparency

• Processing and Packaging Implementation Agreement Transparency

• Russian Lab-to-Lab Warhead Dismantlement Transparency

• Monitoring Warhead Inventories and Dismantlement -- START III and Beyond

These initiatives are uniquely related because they are intended to focus on
monitoring the warhead dismantlement process, with a particular emphasis
on monitoring the excess fissile material removed from dismantled nuclear
warheads.  

Activities in these five initiatives are closely coordinated with other transparency initiatives not funded in the DOE
Warhead and Fissile Material Transparency Program budget.  They are distinct from other initiatives that focus on
monitoring weapons-usable fissile material that did not necessarily come from dismantled nuclear warheads.  These
include the Plutonium Production Reactor Agreement, under which the U.S. will assist Russia in converting three
reactors to end their production of weapons-grade plutonium, and the Trilateral Initiative, under which excess fissile
materials would be placed under IAEA verification to ensure that they are not used in nuclear weapons.  

The other initiatives not directly associated with the DOE Warhead and Fissile Material Transparency program, but with
which it works closely, include:

• Safeguards on excess fissile materials (including the Trilateral
Initiative)

• Fissile Material Cutoff Treaty

• Plutonium Production Reactor Conversion

• Material Protection, Control, and Accounting Program

• Warhead Protection, Control, and Accounting Program

• Disposition of excess weapons plutonium

There is a critical synergy among these efforts that contributes to
the construction of an overall regime of security and transparency
for warheads and fissile materials.  This Strategic Plan focuses on the first five initiatives in which the DOE Warhead and
Fissile Material Transparency Program plays a direct and continuing role.  The diagram on the following page shows
how the elements of the DOE Warhead and Fissile Material Transparency Program focus on monitoring the
dismantlement process and the excess fissile material resulting from dismantled nuclear warheads.
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II. PROGRAM MISSION

A. Need for Transparent and Irreversible Nuclear Reductions
Throughout the Cold War, the strategic competition between the United States and the Soviet Union led to the
production of enormous numbers of strategic and tactical nuclear weapons.  In 1994, as part of DOE’s
Openness Initiative, the United States declared that it had a total stockpile of 22,229 warheads at the end of
1961.2 The Soviet Union never officially declared total numbers of nuclear weapons produced or stockpiled, but
Victor Mikhailov, former Russian Minister of Atomic Energy, is reported to have said that Moscow’s nuclear
arsenal peaked at 45,000 warheads in 1986.3

Both the United States and the Soviet
Union built massive nuclear weapons
complexes employing hundreds of
thousands of nuclear scientists and
engineers to both increase and sustain
their nuclear stockpiles.  Both the
United States and the former Soviet
Union amassed vast stockpiles of
plutonium and HEU, the essential
ingredients for nuclear weapons.  As
part of DOE’s Openness Initiative, the
United States declared that it
produced or acquired 111.4 metric
tons of plutonium4 and that it
produced 994 metric tons of HEU.5

The Soviet Union never declared its
plutonium production, but Victor
Mikhailov stated that Russia had
about 100 metric tons of plutonium
and at least 1250 metric tons of HEU.6

With the sudden collapse of the Soviet
Union and the end of the Cold War, the security system that protected nuclear weapons and fissile material
during the Soviet period began to atrophy.  This breakdown in the traditional means of protecting weapons and
fissile material increased the possibility that either weapons or weapons-usable nuclear materials could be stolen
or diverted.   As a result, U.S. concerns about the security of former Soviet nuclear weapons and fissile material
were dramatically heightened.   

B. U.S. Initiatives to Establish Transparent
and Irreversible Nuclear Reductions
To address these concerns, the United States first negotiated a series
of formal arms control treaties with the Soviet Union, commencing
with the Intermediate-range Nuclear Forces (INF) Treaty in 1988,
which resulted in the elimination of the delivery systems associated
with an entire class of nuclear weapons.  This was followed by a
series of strategic arms reduction treaties - first with the Soviet Union
and then with the Russian Federation - that imposed limits on the
means by which strategic nuclear weapons could be launched.
Additionally, a series of fissile material transparency initiatives were
negotiated with the Russian Federation to secure stockpiles of excess
nuclear material from dismantled Russian nuclear weapons.

Highly Enriched UraniumPlutonium

United States Soviet Union
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Figure 4. Quantity of U.S. and Russian weapons-usable fissile material in metric tons (MT).

Figure 5. Presidents Bush and Gorbechev sign
historic arms control agreements.

(Photo courtesy of DTRA)
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2 U.S. Department of Energy, DECLASSIFICATION OF CERTAIN CHARACTERISTICS OF THE UNITED STATES NUCLEAR WEAPON STOCKPILE, June
27, 1994.  

3 William J. Broad, “Russian Says Soviet Atom Arsenal Was Larger Than West Estimated,” The New York Times, September 26, 1993. 
4 U.S. Department of Energy, DECLASSIFICATION OF THE UNITED STATES PLUTONIUM INVENTORY AND RELEASE OF REPORT, “PLUTONIUM, THE

FIRST FIFTY YEARS,” February 1996.  
5 U.S. Department of Energy, DECLASSIFICATION OF THE UNITED STATES TOTAL PRODUCTION OF HIGHLY ENRICHED URANIUM, June 27, 1994.  
6 Elizabeth Martin, “A Conversation With Victor Mikhailov,” pp. 21-32, NUKEM Market Report, October 1993. 



Warhead-Related Initiatives:
START I

The first Strategic Arms Reduction Treaty (START I)
was concluded between the United States and
Soviet Union in July 1991.  START I established
equal limits for both sides on strategic nuclear
delivery vehicles and the warheads deployed on
them.  

Following ratification by the United States, Russia,
Belarus, Kazakhstan, and Ukraine, START I entered
into force in December 1994.  Reductions to treaty
limits are currently underway by both the United
States and Russia.  All warheads attributed to
strategic nuclear delivery vehicles in Belarus,
Kazakhstan, and Ukraine have already been
removed to Russia for dismantlement.

START II
Following signature of START I, the United States
and Russia commenced a series of negotiations to
further reduce deployed strategic nuclear
warheads below the 6,000 limit established under
START I.  Within eighteen months, the second
Strategic Arms Reduction Treaty (START II) was
signed in January 1993.  In addition to further
reductions in strategic nuclear delivery vehicles
and the warheads deployed on them, START II
requires the elimination or conversion of all
intercontinental ballistic missiles with multiple
warheads.  The U.S. Senate ratified START II in
January 1996, but the Russian Duma has yet to
ratify START II.

The Safeguards, Transparency, and Irreversibility Initiative 

At the January 1994 Summit Meeting, Presidents Clinton and
Yeltsin agreed on the goal of ensuring the “transparency and
irreversibility of the nuclear arms reduction process.”  At
their September 1994 Summit meeting, Presidents Clinton
and Yeltsin mandated that the U.S. and Russia negotiate an
Agreement for Cooperation that would provide the legal
basis for exchange of classified and sensitive information
necessary to support a transparent and irreversible regime.
Such an agreement has yet to be concluded.

At the May 9-10, 1995, Summit Meeting in Moscow,
Presidents Clinton and Yeltsin laid out a more detailed
agenda to increase the transparency and irreversibility of the
process of reducing nuclear weapons.  Specifically, they agreed
to negotiate agreements that establish:
• An exchange on a regular basis of detailed information on aggregate stockpiles of nuclear weapons, on stocks of fissile

materials and on their nuclear security

• A cooperative arrangement for reciprocal monitoring at storage facilities of fissile material removed from nuclear
warheads and declared to be excess to national security requirements

• Other cooperative measures, as necessary, to enhance confidence in the reciprocal declarations on fissile material stockpiles
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Figure 6. START I and START II maximum central limits

Figure 7. U.S. INF inspectors counting and examining SS-23
intermediate-range ballistic missiles

(Photo courtesy of DTRA)
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START III
At the March 21, 1997, Helsinki Summit, Presidents Clinton
and Yeltsin agreed to develop further measures to increase
strategic stability and reduce the number of deployed strategic
offensive warheads.  Specifically, the Presidents agreed that
once START II enters into force, the United States and Russia
would immediately commence negotiations on START III,
which would include the following basic components:

• Establishment, by December 31, 2007, of lower aggregate levels
of 2,000-2,500 deployed strategic nuclear warheads for each of
the Parties; and,

• Transparency measures relating to strategic nuclear warhead
inventories and the destruction of strategic nuclear warheads.

The Presidents also agreed that in the context of START III negotiations their experts would explore, as separate
issues, possible measures relating to nuclear long-range sea-launched cruise missiles and tactical nuclear
systems, to include appropriate confidence-building and transparency measures. Implementation of START III
would result in the U.S. and Russia reducing their nuclear arsenals 80 percent from Cold War levels, while at the
same time maintaining strategic stability.

Fissile Material Transparency Initiatives:
In response to the proliferation threat posed by the
break-up of the Soviet Union, the U.S. and Russia
embarked on a series of bold new fissile material
transparency initiatives to secure excess Russian
weapons-grade nuclear material and reduce the
nuclear danger.

The HEU Purchase Agreement

On February 18, 1993, the U.S. signed an
agreement with the Russian Federation to
purchase 500 metric tons of highly enriched
uranium (HEU) from dismantled former Soviet
nuclear weapons.  The HEU Government-to-
Government Agreement required that
transparency measures be implemented in the
U.S. and Russia to provide confidence that the
arms control and nonproliferation objectives of the
Agreement were met.  

Mayak Fissile Material Storage Facility Transparency 

In 1992, senior Russian officials stated that the single most important factor affecting Russia’s ability to meet its
dismantlement schedule was the lack of adequate storage capacity for the fissile material removed from
dismantled Russian nuclear weapons. In response to these concerns, under the Department of Defense (DoD)
Cooperative Threat Reduction Program, the U.S. has programmed over $400 million for the joint U.S./Russian
construction of a fissile material storage facility at Ozersk, Russia.

Figure 10. …“megawatts” under the U.S.-Russian Highly Enriched
Uranium Purchase Agreement.

Figure 9. "Megatons" are being converted to… 
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Figure 8. Transition to a START III regime. 



C. Role of the Department of Energy
Any treaty involving the monitoring of nuclear warheads, nuclear warhead dismantlement, and stockpiles of
fissile material removed from dismantled nuclear weapons will have a significant impact on the DOE nuclear
weapons complex.  The Pantex Plant is the DOE’s only plant for performing warhead operations that support
both the enduring stockpile and the dismantlement of excess warheads.

DOE’s highest priority is to ensure the safety, security, and reliability of the U.S. nuclear weapons stockpile.  This
is achieved through implementing the DOE Stockpile Stewardship Program. DOE is the U.S. government agency
best suited to evaluate the potential impacts that a warhead and fissile material monitoring regime could have
on the DOE Stockpile Stewardship
Program. In addition, DOE, because
of its unique expertise in the U.S. in
areas of warhead production and
design, is well equipped to play a
central role in devising and
implementing appropriate
transparency measures.  Such
measures could be used to provide
confidence that warhead
dismantlement is taking place and
fissile material removed from
dismantled nuclear weapons is not
used again in nuclear weapons.

D. Mission
The mission of the DOE Warhead and Fissile Material Transparency Program is to:

• Comprehensively evaluate the impact of a warhead monitoring regime on the DOE nuclear weapons complex
to ensure that no sensitive weapons design information is revealed and to ensure that there is no adverse
impact on the U.S. requirement to maintain a safe, secure, and reliable nuclear weapons stockpile; and,

• Develop and implement technical measures, in cooperation with the Russians, that can be applied at Russian
nuclear weapons facilities to provide confidence that Russian nuclear weapons are being dismantled and that
excess fissile materials removed from dismantled Russian nuclear weapons are not used again in nuclear weapons.

E. Program Elements
The DOE Warhead and Fissile Material Transparency Program includes five elements:

– HEU Purchase Agreement Transparency

– Mayak Fissile Material Storage Facility (FMSF) Transparency

– Processing and Packaging Implemenation Agreement (PPIA) Transparency 

– Russian Lab-to-Lab Warhead Dismantlement Transparency

– Monitoring Warhead Inventories and Dismantlement – START III and Beyond

HEU Purchase Agreement Transparency
In 1993, the U.S. signed an agreement with Russia to purchase 500 metric tons of HEU from dismantled
former Soviet nuclear weapons over a twenty-year period.  To date, 60 metric tons of HEU from
dismantled nuclear weapons has been downblended to low enriched uranium (LEU).  According to the

IAEA’s definition of a significant quantity (1987 IAEA Safeguards Glossary), this would be enough HEU to make
approximately 2,400 nuclear explosive devices.

The HEU Government-to-Government Agreement requires that transparency measures be implemented in both
the United States and Russia to provide confidence that HEU from dismantled Russian nuclear weapons is
downblended to LEU in Russia and shipped to the United States to be fabricated into fuel for use in commercial
nuclear reactors.  These measures are intended to provide confidence that the arms control and nonproliferation
objectives of the HEU Purchase Agreement are met. Specifically:

Figure 11. Aerial view of the DOE Pantex Plant outside Amarillo, Texas.
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• HEU came from dismantled Russian nuclear weapons

• HEU was downblended to LEU in Russia

• LEU shipped to the United States was fabricated into fuel for use in
commercial power reactors

The term "transparency" refers to measures that provide confidence
that a declared activity is taking place.  Under the terms of the HEU
Purchase Agreement, DOE is the U.S. Executive Agent for
transparency and is therefore responsible for developing, participating
in negotiations, and implementing transparency measures at Russian
facilities involved in the HEU Purchase Agreement.  A representative
from the DOE Warhead and Fissile Material Transparency Program
serves as the Deputy Chief U.S. HEU Transparency Negotiator.

In June 1995, the U.S. gained direct access to the blendpoint (e.g., the
point where HEU is downblended to LEU) at the Russian blending
facility in Novouralsk, Russia.  In exchange for an increase in the
quantity of HEU blended to LEU in 1997, and a $100 million advance
payment, MINATOM agreed in October 1996 to accept significantly
expanded transparency measures under the HEU Purchase Agreement.
These included the use of portable non-destructive assay equipment to
measure the enrichment of HEU weapons components, HEU metal shavings, HEU oxide, and HEU hexafluoride in
sealed containers at Russian conversion and blending facilities.  In addition, MINATOM agreed to install U.S.
equipment to continuously monitor the enrichment and flow of uranium at the blendpoints at Russian blending
facilities.

Negotiations were completed in December 1996 at the Fifth Session of the Transparency Review Committee
regarding the details of the significantly expanded U.S. transparency measures at Russian facilities.  As a result,
transparency measures are currently in place at, for example, the Siberian Chemical Enterprise (SChE) at Seversk.
U.S. monitors routinely have access to the area where HEU weapons components, in sealed containers, are
received and stored at Seversk upon their initial arrival from Russian dismantlement facilities.  They also have the
right to observe radiation measurements being performed, with U.S. portable non-destructive assay equipment,
on HEU weapons components in sealed containers.
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Figure 13. U.S. and Russian facilities involved in the U.S.-Russian HEU Purchase Agreement

Figure 12. Russian Prime Minister Chernomyrdin and
Vice President Gore
At the Fifth Session of the Gore-Chernomyrdin
Commission (GCC-5) meeting, the U.S. gained direct
access to the blendpoint at the Ural Electrochemical
Integrated Enterprise (UEIE) in Novouralsk, Russia.
(June 1995, Moscow)



In addition, the U.S. has been involved in a muti-laboratory
effort to produce and install the new transparency equipment
at Russian blending facilities.  Initial installation of support
equipment for the U.S. Blend Down Monitoring System was
completed in March 1997 at both the Ural Electrochemical
Integrated Enterprise (UEIE) and the Krasnoyarsk
Electrochemical Plant (ECP).  On February 2, 1999, the U.S.
completed final installation of the U.S. Blend Down Monitoring
System on all pipes at the blendpoint at the UEIE.

HEU transparency implementation activities also include
supporting a DOE Permanent Presence Office located near
UEIE at Novouralsk.  At UEIE, up to four permanent presence
monitors are provided with year-round daily access to the
facilities and material involved in the uranium conversion
process.  Special monitors also visit UEIE and other Russian
plants participating in uranium conversion activities to conduct
five-day special monitoring visits up to six times per year.7

To date, DOE has signed sixteen technical implementing annexes that govern monitoring activities at U.S. and
Russian facilities subject to the HEU Purchase Agreement. Current activities include preparations to install U.S.
equipment to continuously monitor the enrichment and flow of uranium at the blendpoints at the two
remaining Russian blending facilities at Zelenogorsk and Seversk.

Mayak Fissile Material Storage Facility (FMSF) Transparency 
In 1992, Russian Minister of Atomic Energy Mikhailov stated that a lack of suitable storage space in the
Russian Federation would create a bottleneck in the warhead dismantlement process.  In 1993, the U.S.

agreed to provide assistance to a joint DoD-MINATOM project to construct a safe, secure, and environmentally
sound storage facility capable of holding 40% of the total plutonium used in Russian nuclear warheads. 

Under the Cooperative Threat Reduction Program, the DoD has agreed to provide financial support to construct
a storage facility at Ozersk, Russia to hold excess fissile material from dismantled Russian nuclear weapons.  A
key requirement of this assistance is agreement by the Russian Federation to transparency measures that are
intended to provide confidence in meeting three objectives:
• Fissile material placed in the storage facility is derived from dismantled nuclear warheads

• The fissile material is safely and securely stored

• The fissile material is not reused in nuclear weapons

The Mayak FMSF is being built by the DoD and the U.S. Army Corps of Engineers (ACOE) in two phases.  Phase
1 should be finished in 2002, and will provide capacity for 25,000 fissile material containers.  Phase 2 will
provide capacity for an additional 25,000 containers.  When completed, the FMSF is expected to hold 50 tons
of plutonium – 40% of the Russian weapons stockpile.  The Russian Federation has indicated that it may also
store HEU from dismantled weapons at the Mayak FMSF.

The Warhead and Fissile Material Transparency Program represents DOE as a member of the U.S. Mayak
Transparency Delegation, which is negotiating a Protocol that will implement transparency measures in order to
provide the U.S. with confidence that the three objectives will be met.  DOE supports the negotiations by
providing National Laboratory technical assistance during
negotiations, conducting analyses to determine the technical
measures needed to meet U.S. transparency objectives under
Mayak Transparency, and providing input into interagency
policymaking.  The Mayak Focus Group, consisting of experts in
nuclear weapons design and radiation measurements from the
National Laboratory community, has helped identify U.S.
transparency goals and capabilities.  

Discussions between U.S. and Russian technical experts indicate
that making measurements for the following attributes on fissile
material containers would provide confidence that fissile material
stored at the Mayak FMSF is of weapons origin:
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Figure 14. Fifth Session of the Transparency Review
Committee
Vladislav Balamutov, Assistant Minister of MINATOM, and
Andrew Bieniawski, Deputy Chief U.S. HEU Transparency
Negotiator, sign annexes that significantly expand U.S. HEU
transparency measures at Russian conversion and blending
facilities.  (December 1996, Moscow)

Figure 15. Mayak Fissile Material Storage Facility.
(Photo courtesy of U.S. Army Corps of Engineers and DTRA) 

7 These activities are conducted and funded by the Office of Nonproliferation and National Security HEU Transparency Implementation Program.



• mass of individual fissile material components

• isotopic ratio of Pu-240 to Pu-239 or the enrichment of HEU, if stored at the facility

• symmetry of the fissile material in the container

• presence of plutonium or HEU

• amount of oxide

• presence of gallium

• age of material

DOE technical experts are developing equipment to measure these attributes while ensuring that no sensitive
information is revealed during the monitoring process.  This same equipment is being investigated for use by
the IAEA in verifying selected attributes under the Trilateral Initiative.

Processing and Packaging Implementation Agreement (PPIA) Transparency
The Mayak FMSF was initially expected to store dismantled nuclear weapons components. In order to
avoid the potential loss of nuclear weapons design information due to potential IAEA inspections, the

Russian Federation has decided that excess weapons components would be reshaped into non-sensitive shapes
prior to their transfer to the Mayak FMSF.  Russia has proposed converting the components into unclassified
metal shapes encased in stainless steel cladding prior to storage at the Mayak FMSF.

As a result, the United States and the Russian Federation have begun discussions on how the U.S. might support
the processing and packaging of fissile material to be stored at the Mayak FMSF.  As with the Mayak Fissile
Material Storage Facility Construction Agreement, the DoD will provide support under the Cooperative Threat
Reduction Program.  DoD assistance is expected to provide for the construction of inserts for AT-400R fissile
material containers that will be used to transport and store the reshaped weapons components.

Under PPIA, the U.S. would conduct measurements for a weapons-origin determination prior to reshaping.  By
establishing a chain-of-custody from the reshaping and packaging facility to the Mayak FMSF, the U.S. could
also satisfy requirements for a weapons-origin determination for Mayak Transparency.
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Figure 16. Mayak Fissile Material Storage Facility, Phase I (Courtesy of U.S. Army Corps of Engineers and DTRA) 



The Warhead and Fissile Material Transparency Program will represent DOE in the negotiations for the PPIA as it
does with Mayak Transparency, by providing official representation on the U.S. delegation and providing
essential technical support through the National Laboratories.  A key element of the transparency measures
implemented under the PPIA is the requirement to establish and maintain a chain-of-custody on fissile material
once it is packaged, until the point at which it enters the Mayak FMSF.

Tamper-indicating devices would be used on containers from the moment they are sealed until they are
removed from the storage facility.  DOE technical experts are evaluating the performance of currently available
tamper indicating devices in the harsh environments expected in the Mayak storage facility. 

Russian Lab-to-Lab Warhead Dismantlement Transparency
The Russian Lab-to-Lab Warhead Dismantlement Transparency Program is an initiative designed to
sustain an unclassified technical dialogue with Russian experts on warhead dismantlement transparency

and develop advocates for transparency within the Russian nuclear weapons complex.  This is achieved through
laboratory-to-laboratory contracts under which Russian experts provide their unclassified technical views
regarding procedures and potential technical approaches towards warhead dismantlement transparency.  This
program is conducted under strict guidelines and oversight in both the United States and Russian Federation.

The program goals and technical focus of the Lab-to-Lab Warhead Dismantlement Transparency Program include:
• Determining and defining the Russian nuclear weapons dismantlement process

• Identifying and demonstrating transparency measures and techniques that can be used to confirm Russian nuclear
weapons dismantlement

• Identifying and defining transparency measures to provide a chain-of-custody from warhead dismantlement through fissile
material storage

• Identifying and defining transparency measures to monitor plutonium and highly enriched uranium in storage
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Phase I
Chelyabinsk-70

Arzamas-16
Institute of Automatics

Kurchatov
Institute of Pulsed Techniques

Preliminary
Studies

• Define the Russian dismantlement
process

• Identify transparency measures

• Evaluate transparency measures
against technical criteria

• Identify technologies to support
transparency

• Develop an initial glossary of terms of
dismantlement and transparency

• Conduct technical review meetings

• Conduct dismantlement and
transparency technical interchange
meetings

Phase II
Chelyabinsk-70

Arzamas-16
Institute of Automatics

Institute of Pulsed Techniques

Advanced
Studies*

• Further analysis of the Russian
dismantlement process

• Comprehensive evaluation of
transparency measures

• Correlation and evaluation of
transparency measures to Russian
dismantlement process

• Computer/table-top modeling

• Irreversibility studies

• Risk and process analysis initiated

• Technical glossary of Russian terms for
dismantlement and transparency

• Nuclear warhead authentication

• Systems analysis on remote monitoring
applications

* Participation by the Russian dismantlement
facilities
– Penza-19
– Lesnoy
– Zlatoust-36

Phase III
Chelyabinsk-70

Arzamas-16
Institute of Pulsed Techniques

Demonstrations at
Russian

Laboratories

• Radiation measurement technology

• HE detection and destruction technology

• Non-nuclear component destruction

• X-ray imaging techniques

• Remote monitoring

• Computer modeling

• Gamma camera imaging technique

* Participation by the Russian dismantlement
facilities
– Penza-19
– Lesnoy
– Zlatoust-36
– Avangard

Phase IV
Avangard
Penza-19
Lesnoy

Zlatoust-36

Demonstrations at
Russian

Dismantlement
Facilities*

• Demonstrations at Russian
dismantlement facilities

– Trial runs

– Testing/demonstrations

• Russian institutes will initiate all required
hardware technology development
cycles and assist in obtaining facility
approvals and licensing requirements

• Testing and evaluation by U.S. labs

* Russian institutes will be involved in the
technical support and testing of the hardware

Figure 17. Four phases of the Russian Lab-to-Lab Warhead Dismantlement Transparency Program



The Russian Lab-to-Lab Warhead Dismantlement Transparency Program has four phases (see Figure 17).
• Phase 1 includes preliminary technical studies to identify potential transparency measures that could be implemented at

Russian facilities

• Phase 2 includes advanced technical studies and further identification and analysis of potential transparency measures that
could be implemented at Russian facilities

• Phase 3 includes demonstrations of various transparency technologies at Russian laboratories, such as Chelyabinsk-70 and
Arzamas-16

• Phase 4 includes demonstrations of various transparency technologies at actual Russian dismantlement facilities

To date, thirty-six Lab-to-Lab warhead dismantlement transparency contracts
have been signed with Russian weapons laboratories and additional contracts
are under negotiation. 

In accordance with Lab-to-Lab contract requirements, representatives from
three of the Russian dismantlement facilities – Sverdlovsk-45 (Lesnoy), Penza-19
(Zarechnyy), and Zlatoust-36 (Trekhgornyy) – participated in the August 1997
Technical Interchange Meeting in Snezhinsk, Russia.  Russian technical experts
identified the principal stages of the Russian nuclear weapons dismantlement
process (see Figure 18) and analyzed potential transparency measures that
could be applied at a hypothetical Russian warhead dismantlement facility (see
Figure 21). This was a significant milestone in the Lab-to-Lab Warhead
Dismantlement Transparency Program.

In April 1998, Chelyabinsk-70 conducted the following unclassified
technology demonstrations during a workshop at Snezhinsk:
• Radiation measurement demonstrations to confirm that warhead dismantlement is

taking place
• Demonstrations to confirm that the high explosive has been removed from nuclear

weapons
• Demonstrations of the destruction of nuclear warhead casings to confirm that the

casing came from a nuclear warhead and was destroyed
• Demonstration of a computer model of a hypothetical dismantlement facility for the

purposes of analyzing and evaluating candidate transparency technologies and
measures   
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Figure 18. Principal stages of the Russian nuclear weapons dismantlement process
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Figure 19. Demonstration of hydro-jet
cutting technology at
Chelyabinsk-70



In the May 1998 Technical Interchange Meeting at Sarov,
Russian scientists demonstrated radiation measurement
techniques utilizing high-purity germanium systems, sodium
iodide, and an active neutron technique.  The systems were
designed to determine the isotopic makeup of a target and
whether a sample contained weapons-grade plutonium. 

In March 1999, Russian technical experts from Chelyabinsk-70
successfully installed and demonstrated at Sandia National
Laboratories a computer model of the hypothetical Russian
dismantlement facility for use in analyzing and evaluating
candidate transparency technologies and methods.

Proposed next steps in FY '00 and FY '01 in the Russian Lab-
to-Lab Warhead Dismantlement Transparency Program
include implementing technology demonstrations at Russian
laboratories, such as Chelyabinsk-70 and Arzamas-16, and then conducting technology demonstrations at actual
Russian dismantlement facilities.

In sum, the Russian Lab-to-Lab Warhead Dismantlement Transparency Program serves to sustain an unclassified
technical dialogue with Russian experts on warhead dismantlement transparency and provide insight regarding Russian
views and approaches towards a warhead dismantlement transparency monitoring regime.
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Figure 21.  Potential warhead dismantlement monitoring activities at a hypothetical Russian warhead dismantlement facility.
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Figure 20. Radiation measurement demonstration at
Chelyabinsk-70
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Sites Involved in
Warhead Dismantlement
Transparency Activities

HEU Purchase Agreement Transparency
1. Chelyabinsk-65/Ozersk – Mayak Production Association (MPA)
2. Tomsk-7/Seversk – Siberian Chemical Enterprise (SChE)
3. Sverdlovsk-44/Novouralsk – Ural Electrochemical Integrated Enterprise (UEIE)
4. Krasnoyarsk-45/Zelenogorsk – Electrochemical Plant (ECP)

Mayak Fissile Material Storage Facility Transparency
5. Chelyabinsk-65/Ozersk – Mayak Production Association (MPA)

Processing and Packaging Implementation Agreement
6. Chelyabinsk-65/Ozersk – Mayak Production Association (MPA)

Lab-to-Lab Warhead Dismantlement Transparency
7. Chelyabinsk-70/Snezhinsk – All-Russian Scientific Research Institute of Technical Physics (VNIITF)
8. Arzamas-16/Sarov – All-Russian Scientific Research Institute of Experimental Physics (VNIIEF)
9. All-Russian Research Institute of Automatics (VNIIA)
10. Russian Research Institute of Pulse Techniques (RIPT)
11. Russian Scientific Research Center – Kurchatov Institute
12. Penza-19/Zarechnyy*
13. Sverdlovsk-45/Lesnoy*
14. Zlatoust-36/Trekhgornyy*
15. Avangard Plant*

* Russian serial production/dismantlement facilities are participants in the Lab-to-Lab Warhead Dismantlement
Transparency Program through sub-contracts with Chelyabinsk-70, Arzamas-16, and the Institute of Automatics
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